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Abstract 
The study presented here uses satellite information from EnvisatǦMedium Resolution Imaging Spectrometer (MERIS), ground 
data and ancillary maps to access the use of MERIS satellite data in mapping burnt forest areas and monitoring their regeneration. 
A time series of MERIS images for 5 consecutive years 2007 to 2011 was processed. The MERIS based Normalized Difference 
Vegetation Index for selected burned and unburned areas was calculated and studied. Results show the efficiency of MERIS data 
in assessing the extend of burnt areas and regeneration monitoring 
© 2013 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Forests fires have a major impact on ecosystem. Satellite remote sensing is successfully involved in burned land 
mapping since it provides a means of gathering the needed information from the Earth’s surface [5]. The basic 
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principle of remote sensing is based on the property of Earth's surface to absorb, emit or reflect the received solar 
radiation. Materials on Earth’s surface differently reflect and absorb the solar radiation at various wavelengths. The 
distribution of reflected radiation, emitted or absorbed by a surface in relation to the wavelength Ȝ is called spectral 
response [4]. Each material has a different spectral response, so it is feasible to distinguish a surface from another 
and extract information about its shape, size, physical and chemical properties. The form of spectral response curve 
of a surface in relation to the wavelength Ȝ is called the spectral signature of the surface and is unique for each 
surface [7].   
Launched in 2002, Envisat [9, 10, 11] was the largest Earth Observation spacecraft ever built. It carried ten 
sophisticated optical and radar instruments to provide continuous observation and monitoring of Earth's land, 
atmosphere, oceans and ice caps. In April 2012, contact with Envisat was suddenly lost and the mission came to an 
end. But ten years of Envisat’s archived data continues to be exploited. This remarkable satellite has orbited Earth 
more than 50 000 times delivering thousands of images and a wealth of data to study and understand our changing 
planet. The Medium Resolution Imaging Spectrometer (MERIS), carried at Envisat was an imaging spectrometer 
that measured the solar radiation reflected by Earth at a ground spatial resolution of 300 m, with 15 spectral bands in 
visible and near infra-red and programmable in width and position. MERIS allowed global coverage of Earth every 
three days. Although the primary mission of MERIS was the measurement of sea color in oceans and coastal areas 
however it is also used for land and atmospheric monitoring. The MERIS data have been used successfully in 
various environmental monitoring applications [3, 6].  
The aim of this study is to assess the suitability of MERIS data to map burnt forest areas and monitor their 
regeneration process at a regional scale. 
2. Study area and Data Used 
Mt Parnitha is located in, Attiki and Viotia prefectures, Central Greece It is the highest mountain in the vicinity 
of Athens. The vegetation that grows at the lower areas of Mt Parnitha, i.e. below 1000 meters for the South-facing 
areas and 500 meters for the North-facing areas, consists of aleppo pine woods and Mediterranean vegetation bushes 
like holly, leaf, arbutus, oleaster, wild arbutus, smoke tree and individual species of oak in lower altitudes. At 
heights of 800 meters and more the unique Kefalonian fir forest in Attica exists, forming clumps that represent the 
biggest part in Parnitha National Park [2].  In the 28/6/2007 a big fire occurred in the area which burnt 10,560 acres 
forest Aleppo pine, 21,800 acres forest cephalonica fir, 3,976 acres evergreen broadleaf and 79.86 acres rural land. 
The fire hazard is more severe at low altitudes where the aleppo pine and evergreen sclerophyllous is dominant, 
while at the higher altitudes where the fir is dominant, the fire risk is significantly limited. This is due to various 
reasons i.e. at highest altitudes  the duration of dry summer period is shorter and the number of dry days is smaller, 
the average air temperature is about 6 °C lower on ridges than Parnitha’s foothills, human activities are limited and 
pressure for residential development is zero. Additionally, the high incidence of fires, the intense terrain with deep 
ravines, gorges and rocky crowd complexes, the dominance of hard limestone with poor soils, create adverse 
conditions for vegetation regeneration after fire. Therefore, the need to protect these ecosystems is imperative, since 
the repeated occurrence of fires on them, lead to degradation, which could be an irreversible condition [1]. 
3. Data and Methods  
The material used for the present work falls into four main categories: (i) satellite images and associated 
information, (ii) post-fire ground data, (iii) CORINE land cover maps and (iv) topographic maps in scale1:250.000 
and 1:50.000. All data have been selected to cover Attiki and Viotia prefectures Figure 2 shows the CORINE land 
cover map with the ancillary data superimposed. 
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Fig. 1 Post fire photos, Mt. Parnitha, June 2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2  CORINE land cover with  auxiliary data superimposed 
 
Envisat MERIS images were downloaded from ESA using EOLISA and an area that corresponds to Attiki and 
Viotia prefectures was extracted.  
3.1. MERIS based burnt area mapping 
Firstly a visual interpretation of Meris image dated 30/08/2007 was performed. An RGB combination (R:10 G:5 
B:8) is shown in Figure 3. Level1 CORINE land cover types along with the burnt area were easily identified. Burnt 
areas and water bodies are shown in black color. Vegetation is shown in red while agricultural areas in orange bare 
soil and urban areas are shown in light blue tones. 
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Fig. 3 The original MERIS ENVISAT image in RGB colouring. 
 
A supervised back propagation neural network classification of the ENVISAT Image was performed The purpose 
was to classify each pixel from the original image (15-bands) into one of four categories: a) agriculture b) forest, c) 
artificial surfaces and d) burnt areas. The categories were chosen to correspond to the level 1 CORINE nomenclature 
plus a burnt areas category. Training sets were obtained based in CORINE and prior knowledge of the area and used 
for training and validation. After training the classifier was able to classify the total image and outputs the land 
cover map of the area. A raster to vector conversion was performed on the output of classification in order to extract 
the vector polygons. The low spatial resolution of the image (300m) does not offer accurate estimation of the burnt 
area. However the identification of the type of land cover and a percentage estimation of the burnt area was possible. 
The burnt area polygon was used to update the CORINE land cover map with the changes that have occurred after 
the 2007 fires (Figure 4). Various other map products useful for the environmental study and monitoring of the area 
were derived. In Figure 5, the burnt area polygon (yellow polygon) is shown on a 3D view generated from DEM and 
Landsat data. As it is shown in the Figure 6, a significant part of the burnt area belongs to NATURA (green 
polygon) area. Besides, these maps were combined with slope and elevation maps, in order to locate priority 
intervention areas and to plan forest restoration works. 
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Fig. 4 The updated CORINE land cover map 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 A 3D view of the burnt area (yellow polygon). 
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Fig.6.  A 3D view of the NATURA polygon (green polygon) superimposed on burnt areas 
3.2. MERIS  based NDVI  
The vegetation has a unique spectral signature that makes it capable of immediate separation from other land 
cover types on an image in the visible or near infrared. The photopigment substances (mainly the chlorophyll) 
absorb mostly in the visible spectrum for photosynthesis. Healthy green vegetation absorbs strongly in the visible 
range and especially in red radiation (0.63-0.69 ȝm), while at the same time reflects in the near-infrared part of the 
spectrum (0.76-0.90 μm). Consequently, in red the spectral signature of vegetation is minimal, while in near infrared 
presents local maximum. The contrast (difference) between the reflectance in the red and near infrared is a sensitive 
measure of the quantity of vegetation. Thus, the remote sensing data from the Red and Near Infrared spectrum can 
be combined to the so called vegetation indicators – vegetation indices. Vegetation indices are spectral 
transformations of two or more channels of a satellite image, usually of red and infrared, and are designed to 
improve the signal of vegetation in order to allow reliable spatial and temporal comparisons of terrestrial 
photosynthetic activity, structural changes of trees crown etc. The more used vegetation index is the Normalized 
Difference Vegetation Index - NDVI defined as follows (Rouse et al., 1974): NDVI = (NIR  RED) / (NIR + RED), 
where NIR is the reflectance in the near infrared and RED reflectance in the red channel. Normalization through 
division by the sum NIR + RED minimizes the chance to divide by zero. Also, the NDVI index helps normalize 
various external factors, such as changes in lighting conditions, surface slope and exposure. The main reason that the 
NDVI is correlated with the vegetation is that in the near-infrared part of the spectrum the reflectivity of healthy 
vegetation increases very much (40-50%) due to the internal structure of the leaves, while in the area of visible (blue 
to red) the reflection of healthy vegetation is much smaller (20% or less) because of the high radiation absorption by 
chlorophyll for photosynthesis. Thus the healthy vegetation absorbs more red radiation than the poor. The values of 
NDVI range from -1 to +1. Big values of the index represent dense vegetation with healthy and green foliage. The 
NDVI algorithms exploit the strength and the vitality of the vegetation on the earth's surface. The spectral signature 
of wholesome vegetation shows an abrupt rise of the reflection level at 0.7 ȝm, whereas land without vegetation, 
according to the type of surface, has a continuous linear course. The active chlorophyll of the plants boosts the 
reflection level at the near infrared (0.78 - 1 ȝm). In addition to the discrimination of vegetation between other 
surfaces, it allows to detect the vitality of the vegetation. The NDVI composes a measurement for the photosynthetic 
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activity and is strongly in correlation with density and vitality of the vegetation. The normalizing reduces 
topographicaly and atmospharic effects and enables the simultaneous examination of a wide area. In conclusion the 
MERIS based NDVI algorithm counts the photosynthetic activity correlated with the density and vitality of 
vegetation. 
For the forest regeneration process monitoring the NDVI indices were used, computed on five MERIS satellite 
images, using the NDVI processor of BEAM VISAT open source software package. Depending on the input data, 
NDVI selects by default the near infrared and the visible red, where on the MERIS data are the channel 10 at 753.75 
nm (NIR) and channel 6620nm (RED). So the MERIS based NDVI formula is: NDVI = (band10 - band6) / (band10 
+ band6) 
4. Methodology 
The study and analysis was carried out in the wider region of Mt. Parnitha. Five MERIS satellite images each for 
the summer of  years  2007, 2008, 2009, 2010 and 2011, were used. Fifteen points have been identified using the 
Google Earth, of which ten are mainly woodland, burned  mainly during the fire of June 2007 and less during the 
fire of 2009, and the remaining five represent areas that haven't burned in recent years, i.e. not after the great fire of 
1965. Each one of the selected point corresponds to an area of 300 m width * 300 m length and was used as a test 
area for the longitudinal monitoring of vegetation. 
The satellite images were retrieved from the Internet and specifically from the website https://oa-es.eo.esa.int/ra/ 
(website for downloading satellite images of various types) combined with the Eolisa software 7.22. 
The fifteen points were input as pin points in order to calculate the NDVI vegetation index for the years 2007-
2011.  
The following images Figure 7 -Figure 16 show the study area with selected points of interest. The first picture 
on each pair of years 2007 to 2011 is the RGB combination of MERIS image and the second is the produced black 
and white image that indicates chromatically and numerically vegetation indices, using embedded NDVI algorithm 
contained at  of BEAM  VISAT. In the black and white images each pixel has an NDVI value. Dark pixels have low 
NDVI, while white pixels have high NDVI values.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                       Fig. 7. RGB Image 2007                                   Fig. 8. NDVI Image 2007 
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                         Fig. 9. RGB Image 2008                          Fig. 10. NDVI Image 2008 
 
  
 
 
 
 
 
 
 
 
 
 
                         Fig. 11.  RGB Image 2009                          Fig. 12. NDVI Image 2009 
 
  
 
 
 
 
 
 
 
 
 
 
 
                                              Fig. 13. RGB Image 2010                         Fig. 14.  NDVI Image 2010 
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                                          Fig. 15. RGB Image 2011            Fig. 16. NDVI Image 2011 
 
The NDVI values for the selected points for the years 2007 until 2011 are presented in Figure 17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17. NDVI values for the years 2007 up to 2011 
 
In the diagram above, the ndvi_2007 on the burned areas range at low levels, while high values are on unburned 
ones as expected since the fire of 2007 had a significant impact on Parnitha’s flora. 
At index ndvi_2008, there is a decreasing value of the index at the UnBurn14 point and farther at UnBurn15 
point. At the UnBurn15 point, while the ndvi_2007 is almost unit, meaning that vegetation is rich, ndvi_2008 gets 
the value 0.1 representing light, decreasing, vegetation.  
Moving to the ndvi_2009 we see big differences in levels of vegetation index in burned areas. For the burned 
surfaces 01, 06, 07 and 08 there is a sharp change on ndvi index of the year 2009, indicating that there is a 
possibility of clouds appearance or difficulty the satellite to obtain accurate values. On the other hand we observe a 
reduction of vegetation index of the year 2009 on the unburned area 13 that remains at low levels. Although area 13 
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is a non-burnt area, apparently, the fire of 2009 contributed negatively to the deterioration of the ecosystem and 
affects the viability, even of non-burnt areas. 
Finally, the ndvi_2010 and ndvi_2011 indices range at same levels, with the ndvi_2011 index to be a bit bigger in 
all points, except UnBurn15, which we mentioned above. This seems, in terms of vitality of vegetation, right, 
because the time elapsed since the last fire of 2009 until 2011 is bigger than one year, in comparison with the period 
up to 2010, which enables the development of annual plants. 
The vegetation indices of 2007 and 2009, apart from the points which appear big differences on values, we see 
that are smaller compared to the other years. The growing trend in 2008, did not last long due to the fire of 2009. 
The ndvi_2011 has the biggest value in comparison with ndvi of other years for nearly all points. 
5. Conclusions 
Results achieved using Envisat MERIS based estimations of wildfire damages over forested areas show that these 
images are useful not only in mapping the burnt area, but also for the subsequent forest renewal monitoring.  
Although other data such as Landsat have better spatial resolution, the MERIS FR based estimations would 
efficiently provide updated information. Various map products were generated which are of great interest in studies 
at regional and national scales, 
From the above results it seems that the study of a forest area with the use of satellite images is a reliable and 
quick solution for vegetation analysis. We found that MERIS based vegetation indices constitute a criterion for the 
overview and status of an ecosystem, offering additional tools for analysis via modeled procedures. 
From the study of the plot of the ndvi we came to the conclusion that the fire hazard is more pronounce at low 
altitudes than at high ones. 
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